Surgical resection is currently a standard approach for isolated lung metastases from different primary tumours. The aim of the present analysis is to evaluate the outcome of patients submitted to complete resection of pulmonary metastases and to determine prognostic factors for long-term survival. A group of 440 consecutive patients previously diagnosed with primary malignant solid tumours and submitted to complete surgical resection of lung nodules with suspected or diagnosed metastatic lesion were retrospectively reviewed. The average follow-up time was 43.2 months (range: 0-192) and the 60-month O.S. was 43.7%. Univariate analysis: patients with adenocarcinoma presented the highest 5-year survival rates (53.4%, P = 0.0001); DFI >36 months (P < 0.0001), number of nodules on CT scan (P = 0.0052), number of malignant nodules resected (P = 0.0252) and the size of the largest resected nodule (P < 0.0001) were also significant. Multivariate analysis: number of malignant nodules resected (P = 0.01), size of the largest nodule resected (P = 0.001), DFI >36 months (P < 0.001) and histology of the primary tumour (P = 0.017) had significant impact on survival. The benefit of such an aggressive surgical approach is only limited to selected subgroups of patients. The decision to consider a patient for resection of metastastic disease should include factors beyond the feasibility of complete removal.
INTRODUCTION
Surgical resection is currently a standard approach for isolated lung metastases from different primary tumours, being associated with longer survival rates than available systemic therapies [1] [2] [3] . Considering the most frequent primary neoplasms, the mean 5 survival rates for patients with completely resected metastatic lesions reaches 40% [3] [4] [5] . Excision of metastatic pulmonary nodules is also considered for recurrent lesions, taking into account the low rates of surgical morbidity and mortality and the higher survival benefit for patients undergoing successive resections compared with patients undergoing only one operation or chemotherapy [1] [2] [3] 6] . Many authors reviewed their experience with lung metastasectomy searching for variables associated with better survival. Complete surgical resection, long disease-free interval (DFI) and number of resected metastases are considered the most important variables associated with better survival rates. The capability of complete surgical excision of the metastatic nodules has been shown to be the most significant prognostic factor, in most published studies [1, 3, [7] [8] [9] .
The aim of the present analysis is to evaluate the outcome of patients submitted to complete resection of pulmonary metastases, treated in a single institution, and to determine prognostic factors for long-term survival in this selected favourable group of patients.
MATERIALS AND METHODS
We retrospectively reviewed 440 consecutive patients previously diagnosed with primary malignant solid tumours, and submitted to complete surgical resection of lung nodules with suspected or diagnosed metastatic lesions. All patients were admitted and treated in the Department of Thoracic Surgery of AC Camargo Hospital, from 1990 to 2008. The study was approved by the Ethics Committee of the institution. Data were collected from chart reviews of individual patients, by registering several characteristics of the primary tumour, such as date of surgical resection and histological type, and neoadjuvant or adjuvant treatment associated to resection; variables related to the pulmonary metastases, such as number of pulmonary nodules at CT scan, number of malignant pulmonary nodules resected, size of the largest nodule resected and laterality of pulmonary nodules were also collected. DFI was considered the period of time between the treatment of primary tumour and the diagnosis of pulmonary metastases. Overall survival was calculated from the date of the first metastasectomy.
were estimated by the method of Kaplan and Meier, and log-rank and Breslow analyses were used to compare differences between groups. Overall survival was estimated from the date of operation to the date of last follow-up information or until death from any cause. The influence of each variable on overall and disease-free survival was calculated. Multivariate analysis to determine independent prognostic factors was determined by the Cox's proportional hazard model. Logistic regression was used to incorporate all the significant variables in the same model. The forward stepwise method was used to select the variables with independent prognostic value. Statistical analyses were performed using SPSS 11.5 for Windows. Significant differences were considered for P < 0.05.
Oncological assessment
The patients were evaluated for the diagnosis and treatment of lung nodules identified during pretreatment evaluation and staging of a neoplasm, or during routine follow-up after treatment of different primary tumours. All patients were submitted to a chest CT scan to evaluate resectability of pulmonary nodules. Reports of the radiologist were reviewed in each patient chart for information about the number of pulmonary nodules, size of the greater nodule and laterality. In the case of bilateral nodules on admission, we routinely performed a staged thoracotomy, starting by the side of the lungs with lesser chances of complete resection, either due to the number of nodules identified by chest CT scan or due to the anatomical position of one or more nodules relative to the pulmonary hilum, with the potential likelihood of a more complex and extensive lung resection.
Operative approach
Patients were selected for pulmonary metastasectomy if they presented the following characteristics: (i) primary tumour controlled or controllable, (ii) nodules confined to the lung parenchyma, (iii) nodules likely to get a complete surgical resection in the radiological preoperative evaluation, (iv) compatible pulmonary function and clinical condition with the planned operation, (v) predictable adequate lung function after resection, and (vi) absence of a more efficient systemic treatment, other than resection. Patients were submitted to general anaesthesia with selective single lung ventilation. Surgical access to thorax was performed by lateral thoracotomy to resect lung metastases even for patients with bilateral metastases. The surgeon routinely attempted to completely remove all lung nodules, preserving lung parenchyma by resecting the tumour with a small margin (5-10 mm). We did not routinely perform mediastinal lymph node dissection or sampling. On the other hand, in the presence of a single pulmonary nodule, frozen section analysis was mandatory. In the event of histological diagnosis of a possible primary lung tumour, the patient was preferably submitted to pulmonary lobectomy with radical mediastinal lymph-node dissection. Lung nodules were identified individually according to the site of resection and sent to histopathological analysis. Date of surgery, type of resection (complete or incomplete), number of malignant and benign resected nodules, size of the greatest nodule and type of lung resection (wedge, segmentectomy, lobectomy or pneumonectomy) were registered according to the surgical report in individual patient record. Some patients received chemotherapy, at the medical oncologist's discretion, before or after surgical resection of lung nodules. In that case, type of treatment and radiological response (complete, partial, stable or progression of disease, as defined by RECIST) were collected. After hospital discharge, patients were followed-up by clinical examination, radiological evaluation (chest X-rays and CT scans) every 3 months during the first 2 years post-resection, then every 6 months until the fifth year. Annual radiological follow-up was performed thereafter. Other ancillary tests were performed according to symptoms or clinical suspicion of recurrence in organs other than the lungs. We considered recurrence when new lesions were identified in the lungs or in other organs. When necessary, histological confirmation of malignancy was performed. When recurrence was limited to lung parenchyma, without evidence of other distant metastasis and the disease considered resectable by the attending thoracic surgeon, the patient was submitted to further thoracotomies for metastasectomy. After complete surgical resection, all patients were evaluated in the Department of Clinical Oncology, and systemic treatment was administered according to the discretion of the medical oncologist.
RESULTS
The characteristics of the patients included in this study are shown in Table 1 . The patients included in this retrospective study (n = 440) were submitted to a total of 668 thoracotomies. The average follow-up time of all patients was 43.2 months, median of 24.3 months (range: 0-192 months). A total of four patients were lost from follow-up. The 5-year overall survival rate for all patients was 43.7% (Fig. 1) . Male patients had lower survival rates than female (5-year survival rates of 34.2 vs. 51.4%), as shown on Fig. 2 . Patients with adenocarcinoma (Table 2) presented the highest 5-year survival rates (53.4%). DFI significantly influenced outcome, with 5-year survival of patients with synchronous lung metastases (≤36 months of the primary tumour) of 34.8%, while in the same period the survival for patients who had DFI > 36 months was 69.74% (Fig. 3) . The number of nodules identified on chest CT scan before thoracotomy was also significant (Fig. 4) . Patients with the number of lesions ≤ 2 presented a 5-year survival rate of 47.8%; in patients with> 2 lesions, survival was 34.1%. The number of malignant nodules resected at the time of the operation had significant impact on long-term survival, as shown in Fig. 5 . Patients with number of nodules ≤ 2 presented a 5-year survival rate of 49.67% and patients with >2 had survival rate of 23.2%. In addition, size of the largest resected nodule had significant impact on survival by the univariate analysis (Fig. 6 ). All other factors evaluated by univariate analysis, including age, response to adjuvant or neoadjuvant chemotherapy, number of resected nodules, laterality of the nodules at CT scan, type of resection, number of thoracotomies and completeness of last resection, did not reach statistical significance (P > 0.05). In our study, the number of nodules identified on CT and the number of malignant nodules resected are significant factors on survival, but the number of resected nodules is not a significant factor. Multivariate analysis identified the number of malignant nodules resected (P = 0.01), the size of the largest nodule resected (P = 0.001), DFI> 36 months (P < 0.001) and histology of the primary tumour (P = 0.017) as independent factors with significant impact on overall survival. Consequently, patients with metastatic adenocarcinoma presenting with less than three nodules, the largest with a diameter <3 cm, and admitted with a DFI greater than 36 months, reached a 5-year survival rate of 61.4%.
DISCUSSION
Complete resection of metastatic lesions has long been established as an important prognostic factor in most studies, and is included nowadays among the major criteria to consider a patient for surgical management [1] [2] [3] . Microscopically negative resection margins minimize the probability of recurrence. Nevertheless, we could not find in the medical literature extensive studies evaluating prognostic factors in the subgroup of patients with the most favourable outcome perspectives, i. e. those submitted to complete resection. According to the present study, following complete resection of all pulmonary metastatic nodules, the following factors evaluated by univariate analyses significantly impacted patient outcome and longterm survival: gender, histology of the primary tumour, DFI, number of nodules identified on preoperative chest CT scan, number of malignant nodules and size of the largest resected nodule. Despite being considered important prognostic factors by several authors, response to adjuvant or neoadjuvant chemotherapy and overall number of resected nodules (that included benign lesions) were not statistically significant (P > 0.05). There was a difference between the number of nodules resected and those detected on CT scan. On the other hand, most undetected and resected nodules were benign. Multivariate analyses selected the number of malignant nodules resected, DFI and histology, as significant independent prognostic factors to predict better outcome. Recently, oncologists are questioning the indication of pulmonary metastasectomy, as a widespread procedure, due to the benefit limited to a small group of patients. In the present study, as in most published series [7] [8] [9] [10] , <50% of resected cases are expected to survive over 5 years. With the increasing effectiveness of systemic therapy, surgeons as well as oncologists are trying to better select the patients that would likely benefit from either approach. Up to the present date, despite the clear progress in histology, immunohistochemistry and molecular biology, this expanding knowledge has not been routinely applied to the selection of patients for surgical resection of metastatic disease. At the same time, few studies on metastasectomy included only patients submitted to the modern staging methods, such as 18F-FDG PET-CT scans [11] . At our institution, PET-CT scans were not routinely required for the present group of patients. It is obvious, nonetheless, that we have to make the utmost efforts in order to avoid unnecessary procedures, either surgical or systemic therapies. The present study emphasizes the impact of the intrinsic biology and behaviour of the tumour, rather than aspects of surgical techniques. As long as, by whichever resection technique, the patient was rendered free of gross detectable disease, tumour characteristics would be paramount to select the best subgroup of patients. Indication for postoperative adjuvant treatment, for example, should be discussed, and offered to patients with greater likelihood of early recurrence. Thus, avoiding by that strategy the treatment of patients with excellent prognosis. On the other hand, surgical operation should be thoroughly reassessed in patients that, despite complete resection, are predicted to have high risk of recurrence and low survival rates. Should this subgroup of limited prognosis be operated on at all? Should they receive intensive preoperative neoadjuvant chemotherapy, before considering surgical resection? The present study clearly shows that even following complete resection of pulmonary metastases, the benefit of such aggressive surgical approach is only limited to selected subgroups of patients. These results confirm that the decision of thoracic surgeons to consider a patient for resection of metastastic disease should include factors beyond the feasibility of complete removal of all nodules identified on preoperative imaging scans. The medical community should take advantage of the current knowledge of tumour biology to further select patients for multimodality strategies, including, if necessary, surgical resection.
